Recently two plant genes encoding for inositol pyrophosphate kinases (PPIP5Ks) 1 0 2 were identified from Arabidopsis 16 . Their work described the identification and expression 1 0 3 characterization of two kinases without providing evidence for the probable functions. wherein, the authors proposed the role of VIH2 in plant defense that is dependent on the 1 0 6 levels of jasmonate 17 . Studies demonstrate that VIH proteins are conserved throughout the 1 0 7 eukaryotic taxa in having a dual domain structure with relevance to the inositol signalling also influence inorganic polyphosphates (polyP) synthesis, which might act as a reservoir for 1 1 5 different inositol phosphates and buffering of cellular free phosphate (Pi) levels that are 1 1 6 ultimately necessary to generate ATP and inositol pyrophosphate 8, 19, 20 . A recent study has 1 1 7 confirmed the coordinated molecular interplay amongst inorganic polyP, ATP and Ins-PPs of the protein could also be studied in context to its interacting partners. In yeast, histone 1 0 Localization of FLA6 and its differential expression in wheat tissue 3 0 3 Localization experiments were performed using HA tagged FLA6 in S. cerevisiae strains. Based on the localization studies we concluded that FLA6 was present on the yeast plasma 3 0 5 membrane ( Figure 6C) . Similarly, localization of VIH2 was also performed in 3 0 6 the S. cerevisiae strain using c-MYC tagged VIH2. The c-MYC tagged VIH2 showed 3 0 7 localization near the rim of the plasma membrane that was cytoplasmic. These evidences 3 0 8 point that the GPI anchored cytoplasmic domain of FLA6 is responsible for its interaction Transcript expression response for key components of cell-wall reinforcement that 3 1 5
includes TaFLA6, TaGT and TaXat1 was also carried out during drought condition. Our root tissue subjected to drought stress ( Figure 7A ). Similar observation was also obtained 3 1 8 through exVIP gene expression analysis (Supplementary S5). Differential expression pattern 3 1 9 for all the above genes was observed during grain development with significant increase in 3 2 0 transcript during the seed maturation ( Figure 7B ). Wheat FLA6 transcript abundance 3 2 1 increases (~2-3 fold) during grain maturation. These data indicated that TaFLA6 and 3 2 2
TaGT/Xat show transcriptional changes during desiccation that is a prerequisite step for grain 3 2 3 maturation. Important interacting clones including TaGT and TaXat were also expressed in 3 2 4 other tissue including developing roots and grain ( Figure 7C ). Specifically, our data 3 2 5 suggested that wheat VIH2 and FLA6 are co-expressed under dehydration stress and the 3 2 6 proteins interact physically. Multiple interacting clones of the VIH2 were identified as cell-wall structural proteins 3 3 0 potentially involved in its biosynthesis or wall plasticity. One of the VIH interactors, GPI 3 3 1 anchored protein (FLA) was linked with the plant cell-wall composition and 3 3 2 morphogenesis 28 . This led to the speculation for the possible role of plant VIH proteins in 3 3 3 modulating the cell-wall structure development. Therefore, we developed Arabidopsis overexpressing lines for TaVIH2-3B. After preliminary screening, the lines with the highest 3 3 5 expression for TaVIH2-3B in T3 and T4 lines were used in further analysis ( Figure 8A ). Transgenic Arabidopsis show robust growth and enhanced branching with an overall increase 3 3 7 in length of main shoot axis for all the transgenic lines ( Figure 8B ). Assays to measure 3 3 8 relative water content after dehydration of transgenic and non-transgenic plants suggested To check if wheat VIH could influence cell-wall composition changes, the cell-wall 3 4 3 of wild type, transgenic lines overexpressing TaVIH2-3B were extracted using Na 2 CO 3 and 3 4 4 NaOH (Supplementary Figure S6 ). This was done to generate fractions to use for the Arabidopsis showed maximum fold accumulation of cellulose that varied from 3.5 to 5.8-fold Figure S7 and Table S3 ). AtVIH2 is the closest homolog for wheat TaVIH2. Therefore, to 3 5 6 verify the involvement of AtVIH2 in cell composition the total AX, AG and cellulose content 3 5 7 was measured in the shoots of Atvih2-3 mutant line 17 . Our analysis showed a significant 3 5 8 reduction of the AG and AX content in the mutant line, whereas no reduction was observed 3 5 9 for cellulose. (Figure 9) . Surprisingly, a slight increase in the levels of cellulose was observed 3 6 0 in Atvih2-3 mutant as compared to Col-0. Altogether, our data demonstrate that Most of the cereal plants contain high amount of InsP 6 that act as one of the substrates for clues of plant VIH proteins more in-depth studies need to be performed. In this work, we showed that overexpression of TaVIH2 in Arabidopsis could enhance growth and provide 3 6 9 tolerance to the dehydration stress. This study also identified FLA6 as one of the interactors chemistry-based approach, it was observed that overexpressing lines of Arabidopsis showed wall reinforcement to provide the overall mechanical support. by modulating the jasmonate-dependent pathway 16, 17 . Recently studies investigating inositol pyrophosphates have gained much attention 4, 9, 29 . We identified two Vip-like homologs (VIH 3 7 9 genes) from wheat genome, which were studied for their evolutionary relationships and Figure S2 ). VIH2 is known to be involved in defence response Thus, the role of plant VIH genes during plant-microbe interaction was found to be We demonstrated that TaVIH kinase domain has the ability to catalyse the 3 9 2 phosphorylation of InsP 6 to form pyrophosphate species using ADP-GLO max assay ( Figure   3 9 3 3C). This bioluminescence-based kinase assay has been demonstrated and validated as a high 3 9 4 throughput assay overcoming the challenges imposed by high ATP concentrations 32 . Hence, 3 9 5 our kinase assays revealed that wheat VIH proteins show InsP 6 kinase/Vip1like activity. Similarly, yeast and human enzymes also demonstrated InsP 6 and InsP 7 kinase activity 15,33,34 . Our TaVIH2-3B showed highest homology to AtVIH2 (70.6 %). In past, AtVIH genes have 3 9 8 been shown to be biochemically active for kinase activity that generates InsP 7 and InsP 8 16,17 . Our study lacked these biochemical evidences, yet complementation activity and homology 4 0 0 of wheat VIH2-3B to AtVIH2, indicates that it should also act in similar manner as AtVIH2. Additionally, we exploited the sensitivity of vip1Δ strain towards 6-Azauracil to validate to 6-Azauracil as in case of AtVIH2 ( Figure 3D ) 17, 22 .
The presence of various cis-acting elements in the promoter regions play essential 4 0 6 roles in transcriptional regulation of genes in response to multiple environmental factors.
The transcriptional activity of TaVIH2 promoter and differential expression analysis link 4 0 8
TaVIH2 with Pi-starvation response ( Figure S4, Figure 4 ). This function of inositol Figure S8 ). Similarly, expression analysis of lpa-Glycine max also resulted in 1.9 fold 4 2 7 upregulation in seed-specific expression of GLYMA_18G255000 that is an orthologue of overexpressing lines showed increased accumulation of AG, AX and cellulose ( Figure 9 ). pathogens such as P. rapae, could be gained by modulating the genes associated with cell-4 7 7
wall modification 56 . Arabidopsis VIH2 mutant lines showed compositional changes in the 4 7 8
cell-wall extracted polysaccharides especially in the AG levels ( Figure 9 ). Therefore, the 4 7 9
decreased resistance in VIH2 mutants against herbivores could be accounted for the defect in to provide resistance against dehydration or drought stress. The experimentation in this study was conducted using Bread wheat (Triticum aestivum L.) 4 9 8 variety C306, a rain-fed cultivar which is well known for its better processing quality. For collection of the tissue materials, the spikes were tagged at the first day after anthesis (DAA). In order to perform stress related experiments, wheat seeds were surface sterilized 5 0 5 using 1.2% Sodium Hypochlorite solution in 10% ethanol for 5-7 mins with continuous 5 0 6
shaking followed by four washes with autoclaved MQ. The sterilized seeds were allowed to 5 0 7 germinate on Whatman filter paper soaked in water for 3-5 days. The germinated seedlings 5 0 8
with their residual endosperm excised, were transferred to Hoagland's nutrient media in The harvested tissue samples were snap frozen in liquid nitrogen and stored at -80˚C for 5 2 0 subsequent RNA isolation. Total RNA from various tissues was extracted by manual method of total RNA was used for cDNA preparation using The Invitrogen SuperScript III First-5 2 6
Strand Synthesis System SuperMix (Thermo Fisher Scientific) as per the manufacturer's 5 2 7
guidelines.
2 8
In order to quantify the gene expression, qRT-PCR was performed using the 5 2 9
QuantiTect SYBR Green RT-PCR Kit (Qiagen, Germany). The gene specific primers capable and minimum of 2 experimental replicates were used to validate the experiment. Gene specific primer used in the study are listed in Table S4 . ADP-ribosylation factor gene after the run were normalized against the internal control and relative expression was sequences resulted in the identification of two different genomic locations (Table S1 ). open reading frame (ORF). Subsequently, full length primers were designed to amplify the 5 5 8
VIH genes. The generated full-length sequence information was further used for qRT-PCR domains (residues 7 to 332 for VIH1-4D and 12 to 339 for VIH2-3B), which share an identity 5 6 4 of ~57% with hPPIP5K2 (residues 41 to 366). In both cases, the align2d command in 5 6 5
MODELLER 60 was used to align TaVIHs against hPPIP5K2 and the 3D models with ANP, In order to study the kinase activity of TaVIHs, the proteins for kinase domains were TaVIH2(3B)] cloned into pET23a vector system were used as template for setting up the Axio Imager Z2 with an Axiocam MRm camera at 63X of magnification. Arabidopsis undergoing dehydration (at 12, 19 and 24 days) were collected and weighed 7 0 8 immediately (FW). The leaves were submerged in deionized water for 24 hrs. After 7 0 9
incubation the leaves were blotted dry and their weight was determined (TW). To measure 7 1 0 their DW, they were oven dried (at 65 o C) for 24 hrs. The experiments were performed with 7 1 1 at least three experimental replicates each consisting of five to six plants. Extraction of cell-wall components was performed as described earlier 68 . Briefly, five grams 7 1 5
(fresh weight) of shoots from respective lines (~25 days old) was crushed to a fine powder in 7 1 6 liquid nitrogen. The power of the tissue was treated with 3% Na 2 CO 3 at 4 °C for 8 hrs finally lyophilized to prepare AX. For compositional analysis the extracted AG, AX and Cellulose were determined by 7 2 8
preparing their alditol derivatives. Extracted AG and AX were separately hydrolysed with 7 2 9
2M trifluoroacetic acid at 110 °C for 2.5 hr. Hydrolysis of cellulose was done in two steps 7 3 0 that includes primary hydrolysis in 72 % H 2 SO 4 at 30 °C for 1 hr followed by sample dilution hr. The solution was neutralized with BaCO 3 and further reduction was done with NaBH 4 (20 7 3 3 mg) followed by acetylated with mixture of acetic anhydride and pyridine (1:1) at 100°C for Xenopus laevis oocytes. J. Membr. Biol. 156, 19-24 (1997) . Generation of phytate-free seeds in Arabidopsis through disruption of inositol in guard cell hormonal signalling and water use. Plant J. 33, 119-29 (2003) . expansion. Plant Cell 15, 19-32 (2003) . HAtagged-TaFLA6 and TaVIH2 using cMYC tag. Fluorescence was measured using a Zeiss the standard deviation. # on the bar indicates that the mean is significantly different at p < 1 0 3 5 0.01 with respect to their respective control treatments. summarises the information of the predicted gene function (based on the ensemble-BLAST) 1 0 5 0 of the sequenced clones. All the enlist genes resulted in blue colony formation when the 1 0 5 1 screening was performed on the SD-GALα (-AHLT) plates. Respective TRIAE IDs (RefSeq 1 0 5 2 V1.0) are mentioned. Most of these genes show more than once occurrence of the yeast 1 0 5 3 colonies during screening except for S.No 1, 2,3 clones that appeared more than thrice. 
